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The b&ole problam of this ijortloiilar lnv«fl1>lse.tlon vj&a to
dotenirsc tho across oonoentratlon faotors prooaat at s oJ3o«l<3or la
tijo «x)t soction of u no^l :Tropo!l3r l>lacle rjiezrafaatuyorl fihdk 768-Jr
alinintsi alloy, fhs pertloulriP cooirjtrlo ooei.iori oonsidorod la found
in tiio t^po Tc^anallor bladoc oii^ *i2 idll bf3 ijruiallsd noon in th©
Soutliom Califomi«i Goo:)or£itivo 'vl^jnA T'.cmQl, i'asttdonQ, California*
Thooo bladoG vovQ nn2rafact^jj^3d trcm forcincc of 7£fiWr t^'' ^"^^ Ifei-iilton
Stiindard Propollor Dlviaion of 1iI\o UnJ.tocl Airorafli Ck)r;X5ro.tion,
StrosQ oon<5©nt2ra1;ion tao%oTti vqtq d©v«minod fosr what uiil bo osillod
the "critloal aootion* of the bl&do* This sootlon ia or^deratood ^
aaeji th© orf>no oootiorj of nlnisjtia aroa whidi io looatod Ipraoclititaly
aboTG tlio Gtr3so-a?aisiii£: fillot at t!i© Junetion of t»io blcdo itsolf
and tliO root flanco.
A sooondary pia^as of tho intostigation uac to osrsrcLite Vi&oo
data with tiio othor C3;poriciOsite tlmt hod iJLrofady been ocarrisd out for
tkie pa2*ti(rv2lar blade eliGp©. Tnjmo oarllor o^jc-djionto dotoroiiiod tho
Q&gnitt^oe of o 9rfao9 otrosooo in tho oritieol sootlon , gqq utilising
a foIl-aoalOy jjilusj^iidiisonpiaaal :nodel^ and tho ot!ior a ^uo-»diaonoiaaal
full ooalo rjodbl ono-lnbh thlak. Botli of tliooo ejsxsrioonts utilisod
otatio t^ision loado, tl^ loodo bolnc applied ovor tlio yppor siirfaoa
of tlio flcn;^, eseactly as the^ aro osajLioA to aot \A)on tbo blado is
rotating in tho wind tmmol* Alac^ on attec^ot \xia rmdo to oociparo tho




Tiio toata nacio in tld^^ ii*)0ixi?; lTv©otl^.tion \jorc all of a
fGtlfV{.v3 naturo, la *jhidh <KS»-tenth aoolo nodoln of t!^^ r,otual blado
woro -.isod as flatlcuo si^eel^isno. Two Vpoa of loadlug wore ijsorl. TIio
firct. oonsiatod of b e^ollc loodinc !x3tv70o;i varying uppor tQiacion
lln^tQ to 55oro atroos, aiid the socond oono'tilieJ. of a coiiotGnt itppor
toniJion otroflo linit yith viirylr^^ r.iinint:sEi str^^osos.
Testa waro oonductod using an wjfixrc torioion n(2i»jii^l atvooB
limit of Qi..pro5di3ate3y 28,000 pai and uoro orfc^ndod to tonoioa
Gtroo3GG of lowcnr valuoa vdiloh ga-ro a fatiguo life of noro tJiGsi 15,000,000
ayoleo. Dao to tho slow rats cf loutlint' (2,500,000 '^Ksr de;^) in the
8oDntcig«3 iL^voTsal Fatigue fcjotirn^ Ifcei?inc, t!^ invQOt:Icritl'^. ueio
not eontiinjod to tlio CGJUoraUly accoptocl vliI-j© of 500,000,000 e^'-olos
lahloh roaito ^® upper os^olie Unit of fatij^B iinnasti^tiorta*
It uaa found that atreas oonoentration faotoro dotomiiiod fron
thia t^rpo of fotiguo taatin^ oaiso aus^rioinsly cloae to thooo dotoroiiiod
f^roQ tho fiiU-oeolo, throo-dir3dn£3ional, otatio toeta*
Tlao aoleotion of tlie tj^-n© loadings uood mqs not ontir©3s7
arbitrar:^, Tho atrcaa e^dlo T/iidi variod fipoo jsoro to a ;x>ak tesioioa
value and then to ?<oro o^^edn would 0I000I7 oiffiulato tlio loading in a
8tart-«top fl^elof tMlo tho au^x^rpoaition of a c^olio otrooc upoa a
eteady tenaioan lo^d xjotsld roault in appro^ciriatol;/ tlio typo of loodiag
oxjjorionood 135^ tho blada uhon it iiaa rotatinc at a oona'iaat anrxlar
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The laeohoniffn of fSatigua failure in varioie oosnponeats of
Q&ofdnoiy hcu3 lofig bo©n o-so of t!ao groat "X'^sclirod mystorlaa of tho
ph^Tsioal uorld ia uliioh w© llvo, Sinoo no anr-lytla aolii-feion osdota,
tho fatlsuo life of a particular zaateri^JL Iiafl, at tl^a prooont tino, to
bo dotominod oi^^orijuoiitallj^. Evon Qsr.orlrvj'istj.l ros'ilts, oa^^lI^p froa
•aref-olly oontrolidd toota, are oozaatioos raisloadiag aad inoonf^ruoua
>
andy thoroforc, aust bo airofoaJl;^? cnal:'3ocl boforo bolji(? uf3©d In t'K3
aotual dosipi of racohinory. IfetaHie^ciod oeionco, oonft^mtodi irfLi&
danands for alloTO of incroaslnf? tenoilo stronrtli, ^iar^3ii©03, oto,, is
oicsilarly ohallon^od with tho noooooity of IsDOpinc tho incroono ±1 tbo
rosiotdtnce to f&ti^uo in proportion to tti© isjparovcsucata in otlior
ohar&etoristios* It Iiaa, thoreforo, boon nooaooarj,' to conduct ootjRtloBO
osi>3riaont3 laaine ajiociraoas of 'warTing siaoa, ohapoo, and natoricl,
undGjr differont oonditiona of loodin;?, in ardor to aocuBulato a vact
ooount of datAy all of ^lioh socsoda^^ no;)'' load to a vital olii» to t!io
flaetorss iafluoncinc fctiguo proportios. It ia hopod that t^iio osri^ri-
Btaot Tse^ bo (»no of tlio bailding bloolcs \jhidi ovontiaal2^ l^^ rxz^po tho
rood to ts^xSti undarstcndiuc*
Th^j project laa oonductod bj^ the author^ end Liwitonant Jo-^a
C* lano, n. S, Havy^ at tho StructTiroo laboratory of tlio G^if^gonheia
Aoronautlccil laboratory ot the CaLifomia Institute of Toehnolor^r,
Paeodena, California, undor tho cuidonoo of Dr. K, K. Soclilor, during
tho poriod fSroo 15 novaaJxjr 1949 to 1 Ifey 1950.
Thlc o:^3orSaont, oltliouch of liiiiitod c'oaQS^ ml730, hod go ita

2purpoo© tiffl int^atinatlon of t'>© fi.tl^niQ life, osid hcnoo tl\Q ctross
oonoct^tmtiou faotoro prooont at a ohoiildor 2a t!«3 root oootion of iho
typo propollar blado sudli aa is to bo inctalisd sogsi ia tho Soutliom
ColifoKiic Cooixarative Wirid 1-a.Triel, ?lio ori^clnGl pro,joiJ.3r blcdo
Instcillod in the wiiid ty:r»l was laanufactJiPDd froEi 25S-T aluscxinin
GII07 asid IiGd as o. dlstiacisiohlTe ctesic»i foui^-jro a 3/l6-indi radius
drdilar fillet at tho root flarige. Afgot 30»X ho^iro of OjXjration, o!»
of tiio blados in tlio propollcap aosoably failed at XbQ root* A picGurQ
of tho failure is slioun iii Flgund !• The failu2K» oono.istdd of a
ooc^lote fipacturo at the fillot w!:ic^i oloool^- roacnblod a tjrpisal
fatigao %je fLjjLupo. Sofose^j doo5.di7.ig on tlis cteai^^i c* a x^^pliio^-rjont
blcds, ooTQiul difforont oliapoo '.ioro oonoldorod. Static ti'O-jU'disioiiCil
tosta yero I'ua on propoaod ttosicna^ all of xHAdi attoaiJtod to dotorrains
\Moh of tlioa 'uoold raisiiKisQ tlio sonoon-Jiratod o-liroases tit tlio fillat
and yot .faoot tl:o otiior gooaotric epocifioationa dicte.tsd by tiiaaol
crraneoaont. rho niav doaignc utllistx! flaiiL'os of var^'inc dopt'io, ci-sd
flllota of vuriouo cireialai' aa^ olliptie sl^poc. Tlio final deci^
celoctod 'j£o 0:10 having a >j*-iadi deep flango, cud a 0«75-iiioh circular
filiot. It yas dotorainod to oonduot tlio rjroeont invcstigiitioa to
oorrolato tho stross eoncoi.tratioa faetora ao dotor.iinod froa atntie
tests uit. thoco dotorais'Od in an invos ci^'?^tlaEJ utiliaiiig Q^^oli-C, oi'
fatifrao, loading.
Booauoo of Uio ancon'^nticml :iiotliod of €^>p2yinp 'tiiO c^^die
loGdiiif: to til© QviQcirjaiR and oooataao of tlio nmi^^ rr-ra-aotors IrSlvmieinQ
tlie toats oudi as speolacci fixity in tlio Iiolcliog ji€» prosonco of
bendine Gtressoe, and oliciit diiaonaioaal inoor^iotoncioo oDcnc tho

not v^onnt for osaejt rjuar.titc*^.lV3 iisa In tlio 'los^jri of f ..t.^s^o propollep
blaclec, bat ar© otTorod -sorely aa an indioaticsi a:: to tio;; f:.ni;I.or
f-atliT-'-o toot? of thic "«at-.7r« r.iny "be co'v''iict,0'1l fjjid In or;Xor to rrr.-^
tlui dQ3i«pEV3r a .iienoPQl oc-rrolct * on i>3t>:03n i.it?tioo.I3;7 r.-.»i c,-nlic^.llj'
dotoTi-^inod s^i?ojs eonoontrcitioa im3.;iO0.

II. WfJW'M,m Aim PROCEDUFS
All of the apodTonc ijcod vora ndrofacfe-orafl fpoea on oocdeinGl
uj^lnlshod 766-* propollor forcing. Tm spsckiona vor& cut fS\xa tlio
natorlal takon fpoLi tho Ti^.dost orsd tlildasot ptirt of tha WLad© aiid
xior© Exiifliinod with tho osds of scwiotry running ''witli the eraia",
i«o., parallol to ijho long ddsionslon of tho forcda(5.
The GiX)clnoTio woro oonstr'lebofi to oru>»ton*UT eealc ar^d cjtq
olioyn in detail in Ficrarjc J^ Gri3 3, ^!ki dii-:»r.aions ijo2H3 obtalnod
ftrco th© orlglnQl SoColCVT blooprlnt I3o, SK-1600C, Clianco A. Boctiuso
of tho sntill dioeasicos involT^ad on tho riodol, oortain ainor faituroo
of tho aricinal 1>lado could not bo accjratoly inooriiorcLtad theroln*
Thoao inclurlo audi tliiacs ao tlio ^x^r of tho oontral holo, vun:"iots0
QttQCld.r!c oo^-WtGroir-^as end holoo, etc. It is folt, houovor, V.;at
none of th€>QO foat^JUPeg cm a-.l.ttod In t^io opocJjTono bad aJisr sicrlfioaat
effect on thoir tftlc^m llfo.
Tho oantral holo driUod in tho o^jodxaonti \Jss of oonstcmt
dioxriotcr* Thic dia^aoter W!i49 orrli'&il at b(y dotorndnlnt; t?io Diaso of
tho hole in th© orlgianl blade at its ainiiT^m oroos soctioaal ciroa,
BeoQUSO of tho fToat Isiportanoo of srirfooo finish in tJio
fQtlf»iK3 lifo of a spooiaoa, (of, Kof. 1), tho oiarfaoo of all taodolo
\KJ3 polished to api^ro:diicitoly 5 mloroindioo. Groat caro tno Qsorclacd
ditrisac tho tosts to ins-oro that no tool imr'm, acratolioa, or otiior
fTi-irfaoo 5£rQor-?bctioa0 woro ir.trodueod uiiich ixl(^t oa^aoo localisod

5florfaoo atpoac oo::oon*brGtl'-;?t3 i net u i^ooulting iTrcinatxn^ fatif;ue foilisra,
flw oeitral !ia!-o tEUJ first drllisd tri-fiii c. ctcjidrj^ drill, tl.ou was
l\G!Td polislJ'^ 'Jitli loTigctod tdisaiaa oa l. midH iK^odan doyul. "scii-
iruiticn cf fdilad a'pGCi2iD::c dI2 not <Lidiea;i9 ax^ faticac oraa^a
Gri(jii:atin(.^ i>on laporfoetleoc i^. tI*o a irihcc of tho OQr.tna liolsjs.
Thorcforo, it tc aoounod tliau tho above nrooooo wsio ontls^ly oatifi-
fuotory for th© roquirocseata of Uda projoof^.
As e chock ca U^ fllatiasioaal acicurofl^ of ulio laaddning
oi)oratio233 a Gf^Goizucn \bjo cslioaon at randcm and olioo^zod in s. Jotioo and
loafloa Optical CoopoPB-tcr* Tlic r<»«:n2lte of tliio sliack yoro fjood, aad
tht37 apo sl^mTi 2ii Ttcvaeo 4.
Ifaiaw^ ff^ h! ^ygfc^QR n^tfra Purtor 7Qi?^Sflr
Tlia gpodfnsrui wore cwantod In e. holdSag jlc doalc^iod '^icr tho
invosf;5.@cLtor8 and eoootniotod in the QAJXIT jsadhino shop. It 1^:
shofun in detcil in Pisoroa 5 azad 6^ Tlio jig approztoatod tlio fijrtaro
of ^10 propell£^ blocl^ in the wind tunnol o:i:a9pt that no proviaioa
\Kis ^xjdo for th« i-ine «5lanj) tliQt Iiolds the biode a fou inohoa a!?©'?©
the firtore on tlio flonfp* Sinoo tijo critorion of tlilc i^^vactigati^xi
voB tor puro ezd£l tonsion with the a:X3onoe of Ijendinc ctrc^aoa, it io
folt tiiet ilM OLiissiozi of this cloap una of no croct Sriijortciiee* Tiio
holding ji£ Qppliod tbo load to tho ^ypar e-jrfaoo of tlio flar^^o
osietly as it ic cppllod %^ tho roGtrBiniai;; foroao on tbo oiwratins
bifida. Th® loaded ararTaco of the raodol is an aamilor sroa on top of
tho flange, tho ooaa radiuo of \AAeh io C.355 iiiohoc T-rlth a tliiolsioos

of 0^yi5 :Tncr-!GO, IXxj to V-o .t;i„i7I ft.!::.voi-sf5;losia Lnt/dvo-d It tru3 feK
t!iat it Rirj"i^ ^ot bo p2^jiSf{:^?.«a>>2.o ^ J^X'/l t?5ia «r>e«3l2r»n wop c^idi a
QprJLl £r>?-?.. fiO u rooolt, ono t«3>', r;x;ei^ion 11071^2 ^> s^^ot tUr. ;o*or of
0#ol1 indioe rjciA an a!^-n:ila2? loiicU"/; ar^a, t'v^ tli:ltf-:?»cs of uMoi^. uae
api>rc:dziitel7 d^njblo tJiat of •:^w saL-.c^ c-.^iIg :::ndcl, uos oaiotr.-.eboa
aad tostod. Cavparnmjj tbc :rrae1rapcc toil arJixjcjuQOO, p.^ior fai3;aK?, of
tiT© cnliirr^od s;«cJiaca tc ti^.r.t of tJie o:5L^<T!i {loale cjodoi failod to
IndiCGto timt tlio ssaollcr o3K.Qrfc scoJje a,x50iLiOn ytao r<ot ori-Llroljr satia-
fiictoryj -yiopoforo, the o^raoo ono.t-oat,h coalo oodols onl^" \»ps (icy^d
d-i?Tia': tii.3 rK3cdr:dc'p of t^ic irrvocr. : j- ,tioa»
Tl>3 loads, all of -/'At^i x»ro tons^lXo, v»:>pc t:.ot?*.il2y .l/^trodiiood
52ito the laodel ^- t^J^ oontoot of tlie cap rin^^ of the lioldlx' t^£ om
Gliotsi isa Fl4'J2»oc 5 arsd u, Tbo fi^o'fe ©ap rLx' lasod Mas ocmufi^cstarod
froE aild steal aacl was C,25C iBciior; tliidc. Aftcsp tii>iU?ujdiia'fc«ii'
30,000,000 toot Qyolaa, ojio of ^iho ccir^irail el>poti1,i5a-p3£i'i©d stool
iiadiiDo coEYTi.'a "oaod to ftiatoa ^Its oap tItj)^ -Ceilorl froa fat.i0.-je«
lilcrooeoplc oi'strdaatioJi of tlio frtxtur'o ofiow'od n aorloac; ogcIiliIoti
ill tliO i2a'toa»lal G'i tlie pol'..t of. fGl3.*.upo. Ailior tMa i-a-i-tio-alar oorow
iia«i fa51o<l, tiio loading er,'clo oo»itii>L'.od a foT«r scoonde im'c3^ t^-i© naoliin©
oo'ild '>G otoppod. T'cirint; thio tino tho •licii loadc Jnpoaod c;i tbo
iin3i:^;:x>i'tod ^x;ri.io:>. of '^."io ocp rinc OGoaod it to \iarp bcuilJl;^', JxCiiac it
U'lflt for ftErtlior uc-o. In order to liiorocioo I^j^d ri^^idiJiy of tiio oiitlro
JiC a ropl^o^soat eap ria^;: vcie rsiirao frota \\1^ stranst*! e'oov^l i;lt!i a
thlclnoae li-iCTGcicoc?. to 0,3750 indioo ftrc« tho arlcinel 0.25C Lnclieo.
Tio *ioldiii,rj aorsws ijcrc rcv>3^oo<.l %rith -4*»lndj Allan 'oolto, After t^^ooo
e?i£iyi;-OG V'oro rmdc tho tootc prooooded witliout fm^i-or troii^^lo ±a tli©

holding amiQganent.
The gonercd set-up tor t!ie onporlrKsnt is olioun in Figures 7 ood
8* Tbo otroin gage iiirino io shoun in Fi^^uz^ ID*
Loads introduood durirjc f!ati|^ tosting tJopQ laQaoured "b^r tlirso
typo A*l Balduin Soutl.^«Qrk olootrioal strain conos laoontod «5rt<tTiy oq
the surfGOo of the epeeiaeiu Tho looatioa of iHvQ go^a Iq shoun in
rii;ar» 2* Tho ©o^oa vore Txuxntod bgr the following praotlees tlio
eurfaoe \;aa rouc^iezKxi tdt!i Bo« 00 saadp&pox'^ oleaaed with oolvost and
then rJ;2Wlriod* The radid looatioa of ga^ oentorliiiCQ itaa aeouratoly
detemined tgr plftclng tho gpeoinQne in a latlie aad than t::;^ dividlzio
tho oirouBferonoo into 120 dof^roQ cros* Go^^oo ^joro fostonod with radio
aorrioe aooentf then were wrapped \rith sffvoral turns of oor^^^ot tJ^road
to hold than in plaoe durinc dr^dng. Xtaifarm. drying vaa aooelaratod
h^ hakinc the oi^ooimons for oi|^t houro tinder infra-^srod laiai)S at a
aean tGG^)0r&ituro of 150^ P« This proooso oooploted the pol^orization
of the adhooi^ro* liad this not baen dono, tho oeEDont uould Iiqito
resainod in fm unstable oondition for eoreral do^ns and onQr readings
taken during that tizae uould havo boon inaoourata*
Before oocxianoing tho aet'xd f&ti^ruo teats » an attoopt imia
node to verify the ^oge faetorc as published by the nanufaoturor*
Exten3i-90 toots on tlio porfosnoneo of tho A-1 tytie c^Co ^^or© oondrujtec^.
by CaopboU as dosoribod in Rofcrcsioe 2« The results of Ccsipboll's




Gags ResiQtanoe iner. door.
IJ6. in ohrao atrolnQ strains
1 iao«7 2.023 2.065
2 3J30,5 2.0U 2.060
3 130.5 2.056 2.064
^ iao.5 2.06i 2.070
5 120.5 2,037 2.074
6 iao.4 2.054 2.060
7 120.5 2.05S 2.076
d 120.5 2.060 2.070
120.51 2.0501 2.066
Thttoo tosta ol^dly c<xrroboz^to the faetoir' of 2.04 as i^Miohdd
ty Baldw^'ji Soiit?i«irl: fco* tho ?^t (Lot. ne. "!C") of strala gacoo usod
in thio ox;x)rlnont. TIio paco factors of tlireo arbitrwiH^ solectod
A-1 ca(^ no dobos^inod ©s^JsrlraontrJL!!^ tjy tho invostifxiliopa <m this
projoot airoraeod 2.063, and ware orrlrnad a* "b^ tbc folloidag paroooduro:
An arbitrarily E}eleotod ooalo spoeinon usm aotmtocl In its holding jig
and loudod in statle toiu:lcm in c Rifihle BoQivbalanoc Tdotln^ 'iachlno.
71 iG atrain gccoe were vdrecl ae sliown Ij? Flfwro 10. Loado ware appliod
frocs zero to 2000 Ite. 2a ijiarsnento of 500 Ibo. Goeo v^olttiGCMj tiero
isaasuyod !3y a LDode and Sorthpiip Potontiocietor. Prior to testing^
all olootriool eonneotlona tsetijoon tlie qoqq virog and Uie load \rl:^Q
wors G^ool&od vitli & vaeinxa tube ohrxiotor for aborts and hi^ roslDtanooo,
All gagea eaoept one, vSiieh ubs ropl&ood, t^oro fo'iirxl to bo aatiafciOtoxT'
in t^iia rospect.
AptjrozlJiatoly ton oomplot© oc^oloo of loodinc ^»^<> aooeesary
boforo tho oae© roadinfs> settled down to miifoxra incroeonts as tlio
loads tjoro applied and roraoinjd. Diio to the do8ica of the Rioihla
Qcclilno it was iaposolblo to rcriovo all of tho bonding in tho aiJOClnon

9(3urlnf: these tosto. Tiiio i«ao eorrocted by running throo oonpleto
tooto. Botuoon eeoh rorii tlio spooinon oikI jl^ i<<ere rctatod ISHfi in
tho ^nd oleiapo of tho aQdiino. Gags voItacoB indiorxtacl that the plosM
of bonding \«iG oonotant wltli ros;x>et to tliQ base of tlia iiadiino^ Tho
effect of this 'ponding wae o^jicollod ^ t?>2r±nc tJi© GVoragQ of tlia voltagt
iaoraaents in tho tliree different pe^itioTin*
Biy uoing th» C inaula doir3l0i)od in tbo Appendix, It uao posaltlo
to oaleulate tho g/s^gst faetort for thoso tliroe go^s oo loag as t^io
appliod fftroGJOs, the fOtont * xiato? deflectlor^ aiid tho bettor^'
Toltae^ Jove ImoMn, aosults of i^ioso tos^ lr«llttitocl t!iat tli© factors
for tho tbsxjo ^a^oe OGlsofcod uere r:,07, 2»07, o^id S.O?. Coabi^Xnr
tJiosc roaults vdth tlioao dotarrjJLnod ^Xf ^an^.tboH and 'rflth those mib-
lishcd liw" the ^.Gimfactiirer, the strcln gnga faot-or for all ^cos '^Jsod
during tho rooelndop of tJ^r irnrrjotication was t.'-.'.-on ea 2*05
•
Th© powop frjpsHy for t'as oloctriofil atrcdn Tooaurinc drodts
itno a standard tepoe-ooll, t volt, wet storsi^e batteiy,
Strossec d^jrlnc fl!yoI?lc Imx^dncs ii t!io faticrao tests tjoro
::iQaa\2rod aa fol?jowsj g tostiiic ixuiol, decigsiod su-id built li^ iir.
Marr!n Josoo;? of tl'io Oue{;^''^i'^i Aoronaitt:!.csQl kiboratoary, pomittod tho
introduction of q flctitiona Gtross tmoo Lito a Holland HooordlnR
03e3JJLo£rQ;>ii w!-iioh qzivo tlio sons i'idication c«i tlie roeording i)o;^oir as
an appli-od end load of 2000 11:«3, acting on *too eixsoiixsi wjuld ci^
tlircmgh tho throo atrain e^'-c^s. Tho iiitroductlo;-.:; of tlile flctitiouo,
or o&liT3ration,trr.oo iKiB cooo^»liG''iG'i In tho folloixine iK^rr-iorj Qy
dlsoonnoeting tho tli.roe Gtmln cagofl frar. t5iG tostlrig panel and
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subGtltutlng a preoleion v&riGiblo rosistozioe in their plaoOp it wios
poflsibXe to datersdne the rosistasioe )ihieh| when plaoed in tho circuit
instocu:! of a eaf»9 vould oaueo the sasio potentiociotor defleetioa (in
siilliirolts) as if a 2000 lb, load xKtro applied to tlie sijeol^aan*
Preeioion vire-«ound resiotcaro of tb@ aboiro mluoa ""Joro then idrod
into an arbitrary cirouit of tbo tasting panol* lAien a pushbtxttoQ
ouitoh uas olosod, all otlior oireaits vcro deaoergiaod 6;8x»pt tbo one
oontaining tho flasd rociotore* 7Iii& oireuit^ uhosi fed direotl^^ into
the Boilandp oausod tbo fietitiouo SOCX) lb, traoo c€i tho rooordinij
paper.
An additional ttseful f©aturo uas built into tiio test pAnel h^
incorporating a -cariablo roeictanoo in sorioe with oaoh aotii^o ga^o*
By adjusting oaoh of tho throo reoi3t<»ro vtien the spooioen y&Q unloaded^
the potentioE^iotar dial oould be ocoi^letely seroedy thereby zaaking it
unneeeBoar:^ to oubtraot original soro roforonoe readings vjhon aotoal
otraine uero laeaaured during the toets*
The fatiguiQ toctti u^pq oonduetcjd in a Soontag Ihiii^ersal Fatigue
Testing Haohino, libael SF-L-U, Serial So* 4920Q4* Tho standard
Qultipl^ing fiseturo uaa ueed in \Mdi the tnalues of djnaamie and
static loads aa set on tho oaoMiK) indieating dialfi vore cssltiplied l^
3» Cydie loads vero aot tsr adjusting the eooentrie length of the
rctc^tinc Doi^titp uhoreae static preloads imro untried t^ ^longing the
toaoion oc the nain 9t:qpport springs, k oociplete dsscTiption of these
adjviStsaonto io giv^n in Refbronee 5* Si:)ring tension uas measured yith
a built-in oiorcootor uhioh indiaated spring defloetloa* The sprine
oonctant for tliis pertioular Liachiao *jqs that .001 inches r^veseated

u^17 r«j# odP static ]3re-.load, Accosrlirg to tbo ntic5"»lno apocrfUPiOGtionfl,
all naohino load-fwasi^dnf' dovlooe \xto accirate to nloa or njjnso 2
por oont. Snbeoi^^ent gtsr.ia gofo eJ-ocIro vorlflod t?i5.8 oontontion*
Spodi^ono iJOTo ooujitod in tho nadiine by rtocnc of tho I>oldlag
jif; iiToviooBiic? doscrlbod* Aftsr the .ilt'^ ikxj notantod 1ooj?o1o" in tlw
nachlrKJ {Fl/^wo 9), qH otr^'tn r!Grps t?cro rjorood, 7b.o frip hol-;?i:ig
acrcn.'s (Piooe Ho. 9, of dirc» ^^^« 5(V>97-L of Hcfopcnoc 5) wcjirs tboa
ti£9^teno<I, lea'^rirjc tl7.G iryrnar ooltiaa fmmiort ring loose. D^ogudo tli©
toots ii&TQ ran ^ja torislon csxl^', tho ophorrloal oar3^:)2?Ofloic»i ooate (piooo
Ko. 5 of tho oaiao drcTdnc) tieps recjovod. T?!o dosirod piroloed «2S than
o©t >3jr adj^istinf: the spring tco^ion a2^. tho c^dic locA eot tcr vtiryljig
the oceontrio arcu ,Kft&r tho rmdiino xKt^ run a Tom c^aloa to \icrQit
tlie ball se&ts to becocijO froo, it xk'B sto-^ii'od and aoro rcatlJjicts v'oro
dieel-red a^:%iiii« It \m.B &sair30d tt"ir.t imifoiro volttc^ ^Jicrononto for tl«
throe r^t^ i-icl located no bonding, tit lo«aot vj?ien only tJio st&tio load
uas aotlnr* Blb^op variations in those died: rocid?-r/!i3 t-'oro oliainatod
ly efcd.lTisting t?.io tonssion on the t^jcl^'o f:rip 3crcvc» Fined cac©
unifoi^lty '4*18 atfiievod l]cr adjvtstine the tension on t!io ntuds that
tir^tan tlie upper eoiirax damp r?-nf:. Before tho t^isto %jos*q aotuoll^
otorted, all t'ureo caf^ r9ad±nf»s wore hpou^t isdthin plus or ninas 20
ciicro'/olto v-^f oa<^ otlier.
Wlion all thoBO ynroll'^JLnnriQG hr.d boon oosriloted, tho irndiiao
was etturtod end tho tnnt 'bofnm* 'C3?^ir:3ie T^oj.oiii'cinov^to \KDro thoa taton
as follo\?3: Tho ffwltoSios fox* all tbroo racoa on tlio tooting panol yor©
aot to tlio nG/\GB» ixjoitlon. In tM.s position only tho ".oro roa<Unrs
Moro tranardttod to tho Iloilaad and thoroforo on2y a ctreif^t,
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undofloctod traoo aiipoarod on tlio moop. Thlo traoj roprosoiitocl tl-jo
SOTO load lovol. Tho ovit^oo wopo t!;an sot tc "HSILMD" yiilch
Introd^iosd t^ oinosoSiS&l tracoo roiMTODontlag tha acholic part of tha
load* Th€«3o oj^olic strossos \wro dieplaootT f?aa tfio s5©po load lovol
l^ on csnount oorrosixn^dlnc to t)io otctic prolocd. ilfber tI>oao rood-
Incs vjcro inculo tlie ciaclilao was ohut o(ff &nd anothor "li'SII/t!®" tmoe
uao Tmde. Tills trao© vim anothcar gtraijijit line, dloplaoed froc tlxo
aoro load lovol b^' on onoicit eorroapondinc to tho statle preload*
H&xt, tho piahbutton auitdi oci tho paaol naa doproasod. This intr«>.
duood tliQ pvcnriLcpml;^ doscrlbod calibration t3?aoo eorrospondlnn to t^
arbitpory load of 2000 Ibe. Tho rDoordir^ tape for tlia run tjao tlion
ocnplote, tJalnit thlo lost trs.00 ao a nocLsicrInc acalo, all 0''>Vor loGda
appaarlng oa t!x5 record oould bo soasurod ouantltatiTOly, A typioal
Bollatid record for one r»r: la ohoim in ri|-upo 13. Sijiaials of orroal
ciaplltud© tvcn. rXl naccs Indloatod tho optlrm?. oondition of no bondiac*
In ovorj' toat run tlio ocipllt'odo v&iriatioa botyoon caGQS mo Ijqoq tlxin
3 por eont*
Tho esq^eriaont i«c diiridod into fovr ixiTuC. Part I oonaistod
of tiic propoPtttlon of a baale R. R, llOOf® rrtritinc boea S-i? ourvo for
766-1 Standard R. R, ?X)CrJ5 teat a^KjciDons xiqpo fG!arioat»3d aoeonling
to tlwD a!jooifloatlonB in Eoforsn«e l» PoTsrtooa of thooo apoofcionc 'jstq
uood, all of v^iflh ijoro finished tc a !iig!2 poliah in t'lo fmct'a^
t7j?ea. Thc7 ixjro ran to failup© in foia? oopcrato R, R, H0(PJ5 Tostinn
rfce linos, sorial rMabopo 266, 263, 270, and 271, ell of ij?iiah ran at a
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nooinGl epood of 10,000 ^u'll. yho endurvjaoo lljait, or ctroso at ylilch
tho o:3e<dnonB did not foil Jif^^or 500,000,000 otroloc, this dotca^iinod to
bo appro^UartJoly 22,000 pel. TIilc ocrrobomtoc tho iialijoc ^vcsa \i^
Mrmol othor invaoti^torc, Tlio final 3-H ctanre la oho^-jsi cc curvo
rJo, 2 In Flnucps 14«
It Ic 3on9inl!ly R{Tood that aay fstifuifi data nuot bo cyT'luctod
with raaixjct to tho tyx» of loading appliod to tho arpeo^jnorsi* Tho
actual propollcMP nodola (ia Part H) licivo loodod OT?or t!ioir ont±s%i
<iroQ»-o©otioaal aroa, ^^at In tshe n» Ti, lOOftS ^^jiq of loodinc crO^ tho
outojnost filwpa In tlio oootlan ^xirG Gu]>jootod to tho apjospont strossos
Indioatod on a H. H, IKOOIiJi' S-^ <»arv3. As q poeult. It vaxs docidod bo
r.iji ci conffirront (ysporlizoioslti :ln lAidi un-aotdiod crpoctooiw wc;:. TatlfruDd
hy axiel loads. A ourvs slKsvlnc tlio ro£>*ults of tlilo tj'po of toot for
gnrll, polichod, unootohod sijoeiii^io of 763-T vjclo sitj^pHcd to tho
liiV2stl(jatorn 1:]r? "i', R« L* Tajplia of wio Altsointn Ccnixrn^ of AnorloQ,
'jRit a fW vorlf^-ine points for the fos'^ing used in t;^ construoilozi o£
the ppopollop apodooiKs wsare doolrod. Tln?oe caaooth, ia><«3td!iod si^oolrasno
Tjoro toetod in tho Somitas rmdii^so imder o^dio loodlncs ^^ilch irant
fpoei zoro to VBrjir^ uppor tonslon ISxaitc aiad thoa to sjoro a(!o.ln, Tiio
dicnoter of tlieso s^t'Ccl" ::ns and thoGO usoc! 'fcy AIcod vjora all loss tiian
ono-^alf isadim f^icco tliroc tfjocU ix>-Lntc f':"':. 'mJI '•jlt!iln tho acistsaod
aoattor lund of tlio Alooa cmttg, (oursr) Ifc* 1 of rii;are 14.) • TxdB
dsporlssont ^r^s oonductod 2ji tlie cano ii^iiiiric r_id uaador oscictl;/ tlxs
ssno cozidltiono 03 iirovtllod w.on tlxo ,;i'o:x5llor aodols i«X)Pc tODtod.
Tlic laaia part of tlio invootlLatioa (Part III) Involvod the!
aet'oal testing of tho proijollor iiodolc, Hina scdo epocinoae i«jpe

uused of which two did not fall. This test utilized a cyclic loading
of pure tension. The cycle commenced at zero, rose sinusoidally to a
peak value, and then retirrned to zero. This loading was introduced
by setting a static preload equal to one-half the desired peak value,
and then by superimposing on it a completely reversed cyclic load
whose half-amplitude was also equal to one-half the desired peak value.
The resulting loading is similar to that shovm in the Heiland record
of Figure 13.
In order to determine the upper stress limit for this test, an
assumed stress concentration factor of 2.0 in the critical section was
used, I'iachine settings were adjusted to bring the apparent stress in
the critical section to approximately 40,000 psi. As the tests
progressed, the loads were reduced until the stresses were such as to
give an endurance life of more than 15,000,000 cycles. The final S-N
curve showing the results of this test is shown as curve No, 3 of
Figure 14*
The last part, (Part IV) , of the investigation consisted of
testing four more specimens in a different loading schedule, A
constant upper nominal stress limit of 28,000 psi in the critical
section was selected. In the first specimen, the lower limit was
zero; in the second, 5580 psi; in the third, 11,200 psi, and in the
fourth, 16,840 psi. The results of this test (cycles to failure) are




III. RI«TJI5?S AIiD DISCUSSIOT
Tho R. R. MOCRE eadyranoo Hialt of amll, poliahcjcl, ua-notdaed
flpooinoaa of 7fe-T almimEi alloy was Troriflod to !» in tho laolchTxarhood
of 22»CXX) pai«
Tho tests of throe sriall, policliod, uo-siotohod spoeinone of
76S-.T alajainaa lOloy in an asdal-loadine Sonntag Uhlvoroca Fatigue
Tostixig Hadninft (1300 csyolos iier ainuto) gave data points that
oorroapondod alaoot essiotly to those detominod Ic'' Aloce in oiniitsr
taete of the eeae ellcg^*
The otretH} ooneen'',;ration faotors osdsttac in tho eritieal
seetlon of oo^n siodel propoUor bladoo loaded in tonoion uoe founi to




^ ^ "Apparont laeudnnxa otrods" is defined as tho strees detexrainod froQ a
<^ 7S-4I eurve for fllnilar impootdied erpeeinons as a function of **eyoloo to
<X
failuro". "?/a*' ic defined oo tlia appliod aadal load divided b^ tho
eros»-ieoeti(£3al ajfoa at the oritioal oeotion* Tho locking in those
toots consisted of a constant static tonsion load upon ^Mch wero
i2:^x>sod oyelio loads tihose balfo^ceaplitixlds \jotq eqoal t o tho static
load.
The oyolea to failiiro dstorcsinod in tho tosts of Port Vf in
vhidi the uppor tonsion stress limit uas eonstont at 23^000 pel, and
the louer tonsioo stroos limit ^las VEiriod botiK^en aoro and 16^300 poly
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GT® plotted in Fi{?uro 15. Booaiiso of tho oraall msibor of spoeiiaBEai
tooted, no osciot eondaalow ©an bo raiohod, bat tho pooult© boor oat
tho natural oijppoGltion tlisit tli© lYxibor of e;7Clos to failure doeroases
GO tho ovarall otreao range liiaraasas.
Pi30Uflaion of Rami;^t^
Alt^ioKjfifi it is iDQ)039lblo to ooparato aad owaltTito thely
individual offaotfl, laancr aouroos of or?op ctq ppooeat in or^ fatlcuo
tdst. The souroes of error in this iimasticatloQ vdiich laay tend to
limilideto the test posulto ooeao iTrlnoipallsr aa a rooult of Uvs
uaiquo Ejothod li whldi tlio acttaol loada vera appliod to the opodaoaE,
PIio f^roat isajorlty of fatigiw invosticatlonQ that havo alr©edy bo«i
oonduetod Ij^t tlie engioeorinc profoaoioa IiavQ eonolotod oithor of
rotating boea teats or straight puab-pull toate in which tho aiiooiiaens
l\Q.vo boon continuous plocoQ of ristdl hold betvoon two na^dno eripo
of on© fora or anothor,
Ti?o possiblo oouroee of ojtot inhoront in all taats cxq (l)noE^
booog^ioity of tho njRtoriol, cjjd (2) esaall dofoot© in tbo surfhoe. It
is saatOKilly aQQcrfiteA that fatl^AO failtros aro of a pronroosi^'o
nature, b©4?iRniiac «horo "tlie rolativcl^ hl^ost otretoaos go to work on
the rolativoly i,»ak08t parted • As a rosult, oiisr loeallsod atrooa
eoneentrationo siush qb vov2£i oooo trcD, nioroeoopie tool oorks os*
interior oeoluaiono vtmld oqivjo louor oi^uranoo linito than uould be
QzMbited bgr thooretioall^ boaogooooufl, perfoet2jr QEK>oth spooJrKsno*
fHie ofroet of ex^ non-hoiaogoneity is felt to be entirely aooondaxT' in
these tests, in that streso eonoontration faetoro %xssKi dotoToinod Amu
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oofsparisona of tests of tslailar m>-not<^®d opool-Denns Tldo ia as it
ahotild bo« %n-hcisogonoit3r lo not only a posaibla Taotor, biit It Is
inQfvital>lo. Smpill ooduslcas a:id s^jrfaco irr-^fnilarltioo aro larsacnt
in propollor blados nanttfsctarod iindar tho nost ri(?ld spoolfioatlxmsy
flo &« a lo^oal oonoluaiony osy ataoU aoola st^jdiea not onl^r ohoiild bo,
^^ sMS^ ^ !?)a<3e of th<^ sonio naterlrJ..
Attotlior factor that cannot bo ovoarloolcod Is tho poos^J^ility of
mc-21 oitrfaos 8GPatr*>o0 In the i^^^borhood of tho "aaritlool oootion".
The spedrrarva i^tq siade !5jr export riaeJilnlsto yorkir^ imdter tho boot
aho'i oondltions, Ixxt tho anaH cile^nslxmei ia tlio orltiool seotiona
produdod nicrosoopio a-orfaao sicttots. It io, tJ^orofor©, larroly a
natter of oan,1octiiro oa to hcM rtGrlyAS nn^ otirfao© ^jpPQpwilaritiojs tKsro.
Reoeniborlnc tho rcrovla^sj^ dooorl-xad «ndtor?.an for ootabliahlng
otreas ooncsntratlon faotos^, it is oocil:? soon tliat ao3ir»ptior. of
unlfors angolar stpoaa dlotri^wtion ovor tho critical soctloc '.fcs
probBlily vory optcRicrtic. Thlo distribution woold oidat only ia tba
abeonoa of bendino and in tho preconoo of uaifora oircisiiforontlal
dficpplng iTTOseispQC, llojx^ iriTOotlgators JXi-^ 'fXjn disttjrbod t^ tbo
diffioultcr i» loading a fatij^iao spooSi'am ia pare a3dal tension or
cocpression with the a>«et»rs<y5 of hx-idijic, Inoii^Uiv; ^^Q a;it!-5or of thla
report. Altlioo?^ tho 3t«i3.n miTXi 5jjd:leGtod t'-sat bonding yaa ro>!uood
to Q TtdpJu-im at tho l^oglraxlnc of t!io teoto, t^^oro io no Juatifioatioa
for aaoteiinp tJjat otich loadisi^ osSotod as tlio individTii!! tosta pro-
rrooaod* The jic Iioldiug br>lta loosonod ropoatodi^ dorinn tlio toots
and had to bo tigbtoaod poriodlSEdl:,'^. ?Iiio ©llrjiatitod asQr poayibility
of oonats^ fla22,'e prosauroo. Also, at ^w cad of the invocrb-l^tior..

i»ar boGcn to aliov on tlio deaaplng idnc* halToo, ospoolalljr on tbelr
andfl. This factor elono v»^ild oaiiso 'tLMjvrxi elpcitifopentlfil pTOomxroa
oa tJvo flajTi^ of til© 3T3ociri2©a. TIig3«3 jfaotors, togotjliep ii:lt!i the
tnhoront ors»oro in oloctrlcal rjsaar^S'ing 9«^i',fjont all auat bo con-
Idered in ovaluatin^ tlie rosults of tliose tosts.
All of ths foJ^3^TOiac pPDSont tb© icift?."W»at>lo oido of tho
piotitp© oiid tond to Indiont© tluit dl tho data oust Tx) viouod vith
swsiiloion, Hoyov^n*, t!:o oeattor boisd obtained, ajid tho Go:!^OTGi
mwoaosion of points plotted in Ti^xr^ 14 I'-^dloato t.'mt tho jposulto
QTO Mor^i;; of ocmoideratlon wh^s dsdoloEaj oonoomlng tlio goa-jotiy of
tho crltloal soetlon of q pTovoHos' blodo or© boing Tiado.
Befcro ^lo K>siiltG of tlils iirjrsatisatioa oaa be appHod to tho
full soalo propollor blado, the effect of relatl-co alooo rr^iat Iso
0(x\siderod« Ho QD&lytie r©latic«iG!iip botuooE ondopanoo livoo of
sraoll Slid lojrco spod^oTio of airdlr-r G!mT)Os is ^rot !3M>tjn, altlio^ai^
Eiaa^ InToetlgQtors ba"9o {^houn that a notoh, or othor otr©so-*aiGc3r,
has a iiuiflli greater eff»«rt cm tho actual largo i^ort "^icm is imlittitod
bgr laboratory toeto of SEfJsH soaio rxxlole, Sad^, in Koforsaoo 6^
fox2»d t!mt the snduranoe Halt at 10,000 ,000 c&rclos of & 3-inGh
dlanotor sacnoaiua cOloy iijropoller tjoo 7000 to 10,400 pal, but ^iioa
th® dioraotor tjbs inoroaood to 4i inchoa tlio oaduronoo Holt drojrsDod to
4600 to 7000 pel.
Tho opoed of loading apisooro to Imvo littlo ©ffoot oa tho
QOdunmoo of aluminija allosrs. Tosts oondu9ted "^^ ii» liational Binvxiu
of Stazidard3 (Eoforono© 7) ol^mjod olooo aero«;»nt betweora fatit^iao
toota oondiiotod at 900 and LI,000 ejrolos |>ar roliyatc, Ofelior 1-ivosticsitors
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havb ahotm. tlicit tliia ji^rooi-.csit is Rood tat) to apil iiicludi^e 30^000
cgcloa pea? nlaute.
Conndftt^fln \tL^ Wm Twtn
Tlaj tIxrco-dlEioaQio2iEl fuH-cccIo s-tatlo tosto of tlw acjoo talada
ohap© oonduotod ts-' tlic CooporativD Hind ?i«iriol, aa disouacod la
Rcferoaac 9^ ohoi»d u ctresa ooiioor.tKition fzotor ct tho crltl<sLL sootioii
of aborat 1,90. ^lile mLua is la z^o^ ajproofrioiit idth the avcm^ca
ftictor of 1.375 OS dotortrJjiod for la thds inroGtlgBticsi, and tlaoifcfor©
Ir^ic&tca th« ucoraLicsc of lihis !vpQ of fatigina toatiiig* Tl^a locuis
in tho atcitio t«et loro applied to tbc top of tius root flasigo oinotly
aa was dono in the fati^T^ tocts. Too C'^-feio stress eonoontratioE
fastoors aro dcflr;Gd as 'tlio ratio of c-Gaourod otroaGca oa tSio ararfcoo
of tl^ csrltieal soir5:ioa to tii© nocibial "i'A ctrosoos i4iidi aro osonaod
to oxist inifoml^^ ovor tl^i-t orccs aceti<m«
As \xyjM b© c:-^X5ciou, the tvxMiikior-slonai 'bostc iJKlic&tcd nucih
hielior etrosc conoontra'-loa fGCtors. noforonos 10 ^vos the rc^-iio cf
noas'.^irod oia^aco otroacGa to rwrJjiifel strocooo h\ the ci-itioal ooctlon
£ia ':^ix!^, in the noiglibopliood cf 3JB for tlic tuo-diiaoiiaional ixtdol,
i^otoGlastio irrvostigatlocD sucii as ai^3l poportod oa la Ix^orQiaoo S, of
tyo di-aGPiJioiifcil a^dally loiicler^. aodols Iiavisc tlxo smo jrtitio of fillet




!• V-^e enfV.rmr.oe lAidLf, of ar'all, poli!r>h©c\ ;5inot«ho<1 crootaoafl
of 763-5* GliajdJOTiaa alloy Is in t^ nol.f^boriiood of ;^.,00C pol i/^^oa
tested ae rotating oa&tilGfvar beeess*
2. T'-m hi{^>-atroos portloa of tho 3«4I oijrvc for 7f^?
-sadcr
Gslol puah—rnill lo&dinei ao pobliahod iTcr tJv& i^ltsnjrjn Corrxiy^'' of
3. Tsie stress ooysosntratioKi fao^or «fd.3tixig at tho critical
aoetioQ of ft one-tentli s<b1« Tiiod.9l of a wind t-jsnool riro;'o'lla^ bledo
Manuftictyrcxl ftrcn 76S-9 is l~i tho nolr^borhoo<5 of l.r?75.
4. StPQso ocmooTTtration factor's ostabliDl^od frco f:.tiD5G
tecjtlng ore osaontioJly lower trian tUoeo rbtoxTrd^al fpcci crh^j.tlc toot*
of ^^R>-dl^-<r)Gl.'mal iEKx3©lo.
5# Stx'osa eanoar?it2»j.tloa factors dotos^drv^d fvan oax^full^r
oondttctod fatlc-ao to3t?:» pjto of gr»mt va."!i.io la docignlTsc tl^e Dlieyjoo of
oortain >3ritl,op3 sQOt.icgj in tliat flatlg;.!© tooting r,ja}-:o3 '.iso i^
alt;?r»2atl^ loads trooh as tho cfltwal f-jUj-ocalo ;[)ar?; will 02r;joricsReG
iA»a i3^ oorvioj.
6. StrcDG oonoo?itrsitlon factoid aotabliohod trcoi fati^^^tts
toctlijc of ono-tonth socio propollor rr>dol3 wore oasoir^ially tlic aasaa
as those dotoralnod ia static tosts of fioH-ooulo blados*
? Tioro lo en ii3diee.tiow that stpoaa oonoosTtration faeiiorG of
ersall spociLienc arc not dopai-Tdesoffc oa gooootry alone , but toi^fl to
dooroasc as appliod loaids ovor tho oroso oootiooa aro loworod* This
is oixggeatod \jy t«io rclatioosMp iDotwooQ the Lihyrjoo of cmi'TOS Ho, 1
(
22.
c^a-l 3 of Fl£:jrQ IJ^^
3« III testa 11^111312:56 cg^clic tonaion Ioqj^ onl;r, \rltLi a flsod
iippop flt,.t';?Pj ll.-dt, tl'ie .'-tl-v3 life of a cxv^l, ^olialiod, ..I'-.x^Iler
bla.Tio i:;cx!tel o£ 7^£-T doot^cisoo rjs tliui ratio of cxr;/ nin in tlio
•?. Streos Qonc- ."trjitios; fo.ctos-0 dotwrndnad fi^xi futi(.>!o tooto
of (?i.aU. iTKx'.c.rtS oliould "jO ;i3od for •'ilio iiotuaZ ck.tarx.it.;4itioii of doalgn
liXklo ia Hio fuH-eccdo iXir<i oily ul^oa tljo r.iao affocts fear the sa'borial
1« Conduct G?r.i3rr tocta iu udLcL tlio siuo of tlis wiJGca^^>^n la
a. CoTrf'^act alnilcr fstli^uo toeta of tlio aodcl ii?. t^o R. :.. VWliE
typo of tetj'iir^ .'.iiclii:iO«
3« l".vGQ!jl^te tl^xi Oifbeti; of o^.rf£><x» srollirin» UiviorBtroG.;in£,
oVBjrotrocadj'-i;^ liuI a^ict-i^oenin^^ oi'i tiio fa'iic''^' ^^o of olullar
i4« Ccntiauo QX^r of tha ai3ovo iiiw^sil^jutloiio to Gppros±--iiitoly
100,000,000 C!/cslaQ. S'uOli JUi^rooti^tiof:;fl i.dl:. aot bo praciicsul isiloso
till cccU.l loodiiiig f2.iilcue uacidii© witii ti rraoh CToatoT 3><aed tiiaii 1800
o^oloG ior iiliiiitc is davolopod*
^. 2nveetl4;;&to tho di^iQa of a fati^rjo bttstiiif; rsachin© ia
viiidi the tvo £ipooi2i^z gripu iotoviQ uitl&iLSi fi^jud alitles, thorol/
oliiain£»tliig beoniinc a**^ torwioiKd iiit©rfaf<.3iio&>,
6. If fiarttior i^aiie tii-xi.iia" to tao ono cJeecribod ia thie
I
rorx)rt -jn n.tt<j.sr>t-cf^f a redeolg^'ii of the holdlryr ^If 1.X3 .roori3(X'jry
»
Alfi\rr.^(^i. a pralininar:^' otronrtb a ock of tho Ji^j mz v^M, it rjars
appcj?osT<i tJ7r.t Dor-.^r^J. of the <»crj»o*^r?n*« t-?i3?*5 T7n7*-G'';ro.::fv-ifl, ^o octp
clarrd:?^:' •":T3.:i7'tr©s ocnaM be o^jftc'r^.. It voult! bo (Soslrabl© to nclxi
tho «3ap 3rbi^' fhstanl^^" boltp ij^-v? a"?^. tJto urr^ Ij^-jt'v^}. the ^c£?'5
?• ConAttjrt fi. t!-oart^ticeI i:T;^s1:^icct.io2:^ of tho atrODQ dio«-
trlb-j.tior? in tito «riti«el 8^.)«T*l/jn I77 c yc3ja?s.tion • 'stijod.
''^. Kiv'go c t^yof><l:l":le»'".n3.05^:'JI /•i-Y^<^ol^'.oti»3 slr'^V of -^hc nodal
floiif-G j'.ffc«tcc> Iv liT'C? cj.pr^>:!iig pr(3:33'iro 011 'UiQ top of the flnr^jG.
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1 2500 2590 5030 5150 4960 512D 30,000
2 2500 2535 5035 IVO X^OOXti 64,000
3 24.30 24/1O 4190 4750 47ao 4S50 91,000
5 Zt50 2290 4540 4600 4460 4540 175,000
4 ?aoo 3050 4050 4020 4110 4060 257,000
a 1990 2000 3930 no ffooord 300,000
9 I960 1930 3940 no TQOord
_ 400,000
_^




All otrooQOQ in psi (tonolcs?)





CsQTO 5o. ImcJilno IndiOG'fcod (5^)
1 2 3 1 2 3
1 27900 23450 Zi^i^ 23285 3.0 1.8 1.3
2 27320 no rooord no TQQOTd
3 27020 26240 26440 26300 2.3 2.2 1.0
5 25080 25420 24640 25030 1.0 1.7 EWg.
4 22330 22210 22710 22430 1.0 1.5 riog.
8 21990 ao roooart1 no rooovd
9 21760 no vooQora no s«cord




RESULTS CF FATIGUE TKSTS WITH VAR'iI?«> nmmil ST-lfSSii£J
Test Ifaehines Sonntag tTnivors&l Fatir^Q Testi;\g lilaohiso


















1 2335 ?.53? 29^000 2<1,CXX3 .3D,ftK)'
2 3040 2030 28,000 3,530 n.'?,4-'20 ^0,OOG
3 3550 1520 2^,000 11,200 16,300 i5l6,000













K. R. MOOI^ Fatilgue Testing Haohlzto
10,000 ni*ii
Stazidard R. R* MOaiS (RefeseooQ 3)
5 Tiioroinolies
Total Cydea -Jva
Mo. ^'GT® AMod ««« StrasQ Failure
Ibc. X-.:^. Iba. (j^uD-S" 4. *
1 10 43 33 40,000 72,000




k 10 36 46 34,700 300,000
5 IC 33 ^;3 >c,i,*^V 300,000
6 10 30 ^^0 30,200 {310,000
7 10 ;^6.5 X^.5 27,500 4,400,000
a 10 23 33 J::5,000 ^,200,000
9 10 22 2.-;,;joo 30,000,000
IC 10 13 26 21,000 .^,a€€,000





STHB3S COr.fCSi.TRATIJH FAOTCSS ?X)R PHOPSLlSri 3I/.DE HCIDSIB
I^^oaiacl Apparettit
Speekaoki Cydos to Stross Ifas. SC.F
J^o. (PA) Strojo
1 30,000 27,900 54,00C 1.935
S 64,CXX) 27,300 50,5CO l.tL6
3 91,000 27,'D2C' 1.767
5 175,000 25,0S0 45,000 1.7^
4 257,'000 22,330 43,5CJ0 1*943
a 300,000 a,990 43,000 1.955
9 4joc,:'x ra,76o 4i,<^0 l.'iJ.

^8
Figure I. Failure of Wind Tunnel Propeller Blade.





(^'^fe C. :5. A. = o. 3640 j,^. /m
o















































igure 9. Specimen Mounted in Multiplying Fixture

6V.DC
Wir/n <^ Dig ge ram of i^/rd/n
&dL<^e Bd/dnce Pdinel
M = Golvanometet
6p - P^5/) S - /^/CJ~o Type(A/or/y}.Open)
Sg - £ Po/e -6Pos CAo/nne/ Se/ecTot
6g- Goil^. 6v\//tch
0/ = ^xf: Potent/ometer
O^ - Output i^o /iei/and
/P/ = JO,O0O ohm /ie/zpof)
R^ -/0,0OO ohm j^ome on a /I channels
Xj-/C^= Chooen /fe g/^e cr/T/csl domping
for ^e/lsnd £/€/r)er)t o5ed
Rj ' Cd/i b rd>.fion fieJ/stor
Rj ' Compen^Sdf/n^ STra/n G<xQe
Pc, = Acfii^e S//-<xin G^iQe
P^ = SOOO ohm^ / /l/o-ft
>/, -J^ = Jf-ei'enS /Imo Id jMj//i5eC /fe /^^ **/?a Morm Open)
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Jr igure 11. Specimers After Failure. (Top View)

















Figure 13 -- Typical Heiland Record
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f^Jy/ X /S'O'J T'^^^C 'M>oi.u/u/i/^







(/} P/ = Ot/Qinal Q(3iQe re^/stdtnce^s (no /oac/J
(£)R/-GaQe res/stsnces dft'er /oad/ng
(3) 1/ -- Or/Q/od/ QaQe corrent6 Cno /ode/)
(^)I- ' Gdge cor/^efits diff-er /oad/no
(^)£/ ^ i^o/fdQes across gdge^ Cno /ocsid ) O' = /,^)
(6)£/ == 1^0 /fages (icroS5 ^a^es a-fi-er /o&dmg C/'^/.z)
^7^(5= JAci//? Cjnches per fnch)
(5) ± AE - l/d/t<5LQiz c/)an^€. dcross otcfjk^e g^Q^ cff-her












^, f, ^ R^AE -~ r/^,-t AJ^^)(£^ T A£)
±R^A£ - A^,£2 7 ^jj!^£ (£//minoL'tinQ second order- t2rms)
± AEC^,-^ ^^)- A/^^£^ A^, - (OF)C^jC£)
± £A£ - (GF)C6)C£^)
a - ^ ^-^^
£
£. ± '^AE ()/o/i-5) _-
(Gage FactorJ {6c% tPzry l/o //Jl^ e)
















Correlation of fatigue data to determine
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